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A STIRLING ENGINE ASSEMBLY 



The present invention relates to a Stirling engine 



assembly. 



5 



Stirling engines are known which have a Stirling engine 
burner surrounding a heater head, which may be provided with 
heat transfer fins. For certain applications, it is 
desirable to monitor the metal temperature of the head in 

10 order to ensure that it is maintained at a safe level so 

that material degradation does not occur. Excessive metal 
temperatures accelerate oxidation of the metal and, in the 
case of a Stirling engine having brazed fins, will tend to 
degrade the braze fixing the fins to the head. This 

15 degradation will reduce the effectiveness of the heat 

transfer from the burner gases to the Stirling engine with a 
resultant reduction in engine efficiency. In addition, 
under normal operation, the temperature of the surface of 
the heater head is directly related to the quantity of heat 

2 0 transferred into the gas within the heater head, which is in 
turn related to the generated power output . The heater head 
metal temperature can therefore be used as an engine control 
parameter. For this to be possible an accurate measurement 
of the metal temperature is required. 



Due to the hostile environment within the burner 
region, the expected life of a low-cost temperature sensor 
is limited (anticipated to be around three years) . A sensor 
designed to survive the lifetime of the engine/burner 
30 assembly (around ten years) without replacement will 

therefore need to be of a higher reliability, high cost 



design. Such a sensor is prohibitably expensive for a 
Domestic Combined Heat and Power (DCHP) system. 

The heated head of the Stirling engine is fully 
enclosed by the burner assembly which will generally include 
an associated recuperator. This assembly must remain sealed 
to prevent leakage of harmful combustion gases into the 
appliance so that access to this region is not possible. 

The invention aims to provide a low cost solution to 
the problem of measuring the temperature of a Stirling 
engine head. 

According to the present invention a Stirling engine 
assembly comprises a Stirling engine having a head, an 
annular burner surrounding the head and defining a 
combustion chamber between the burner and head, an annular 
seal between the burner and head to provide a seal for 
combustion gases, a thermocouple housing in thermal contact 
with the head and sealed from the combustion chamber, the 
thermocouple housing extending out of the combustion 
chamber, with the interface between the thermocouple and 
combustion chamber being sealed, the thermocouple housing 
having an opening outside the combustion chamber, and a 
thermocouple in the thermocouple housing extending from a 
location adjacent to the head out of the opening in the 
thermocouple housing. 

Providing a thermocouple housing which is sealed to the 
combustion chamber, and open outside of the combustion 
chamber allows easy access to the thermocouple housing 
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allowing simple replacement of the thermocouple during 
routine maintenance . 

Preferably, the Stirling engine has a plurality of fins 
5 surrounding the head. In this case, at least one fin is 
preferably provided with an orifice to allow the 
thermocouple housing to pass therethrough. Preferably, this 
orifice is located adjacent to the engine head, such that 
the housing passes through the at least one fin adjacent to 
10 the head. 

Preferably, the opening in the thermocouple housing is 
sealed by a cap through which the thermocouple extends. 
This serves to support the thermocouple in the correct place 
15 within its housing, and prevent any inadvertent leakage of 
combustion gases through the joint of the thermocouple 
housing and the flanged sheath escaping through the cap. 

An example of a Stirling engine assembly in accordance 

2 0 with the present invention will now be described with 

reference to the accompanying drawings, in which: 

Fig. 1 is a cross -section through the right hand side 
of a Stirling engine head; 

25 

Fig. la shows in greater detail the design of region 
"b" in Fig. 1. 

Fig. 2 is a cross-section similar to Fig. 1 of a second 

3 0 example of a Stirling engine; and 



Fig. 3 is a schematic perspective view of the second 
example . 

In most respects, the Stirling engine is known in the 
art, for example from PCT/GB03/00208 . The engine comprises 
a head 1 with a plurality of internal fins 2 surrounding the 
inner surface of the head, and a plurality annular fins 3 
surrounding the exterior of the head. These fins have a 
generally truncated f rustoconical configuration and are 
arranged along the main axis of the head. The fins are 
surrounded by an annular burner 4 . Gases to the burner are 
supplied along combustion gas inlet path 5 so that the 
exhaust gases pass around the top of the head 1 and pass out 
through exhaust duct 6. Beneath the fins 3 and burner 4 is 
an annular seal assembly 7 which is provided to prevent the 
escape of combustion gases into the atmosphere. The seal 
assembly forms the subject of our earlier application 
PCT/GB03/00208 . A block of insulation 8 is situated 
generally in between the burner 4 and seal 7 to insulate the 
seal 7 from the hot combustion gases in the combustion 
chamber. 

A thermocouple housing 10 made of stainless steel and 
having a closed upper end extends from a location abutting 
the engine head 1 just below the uppermost fin 3 down 
through all of the remaining fins, and then downwardly and 
outwardly away from the engine through the insulation 8 . 
The thermocouple housing 10 is held in place by a flanged 
sheath 12 which is bolted to an engine sealing plate 13 via 
a plurality of bolts 14 (only one of which is shown in Fig. 
1) and extends into the insulation 8. This interface is 
sealed by a gasket 15 . 



The lower end of the thermocouple housing is sealed by 
a sealing cap 16 which is a bayonet fit, but could also be a 
screw fit, onto the flanged sheath 12. The interface 
between the thermocouple housing 10 and cap 16 is sealed by 
a second gasket 17 . 

A thermocouple element 18 extends all the way along the 
thermocouple housing from the end which is in thermal 
contact with the head out through the cap 16. A plug 19 is 
provided to interface with a control system (not shown) . 

In practice, a second such thermocouple housing will be 
provided close to the first housing as two independent 
sensors (for overheat and control) are required. 

In order to assemble the device, the two thermocouple 
housings 10 are brazed in place. Each of the heat transfer 
fins 3 (with the exception of the top fin) is provided with 
a cut-out portion to accommodate the thermocouple housing 
10. The fins are, for example, stainless steel, inconel, or 
aluminium bronze. These are placed over the head 1 and 
brazed in place. This can be carried out by either 
"wetting" the inner surface of the fins with a braze 
compound, or coating with a slurry using an airgun before 
installation. Alternatively, a pre-formed "washer" of 
brazing compound is installed between the fin and the 
heating head. Upon heating to a temperature suited to the 
specific braze compound, a uniform brazed joint is formed 
with optimal heat transfer properties. 



Alternatively, the thermocouple housing 10 and fins 3 
can be brazed in a single operation. This operation may 
also include brazing the internal copper fins 2 . In order 
to do this, the components have to be put together in an 
assembly jig to ensure correct alignment before heating the 
components to the required temperature thereby forming all 
of the joints in a single process. 

Once the burner 4 is located around the heater head, 
the asymmetrically flanged guide sheath 12 is pushed through 
an opening in the engine plate 13 and insulation 8. This 
sheath is then bolted in place as shown. A thermocouple 18 
is then pushed up into the housing 10 to a position shown in 
Fig. 1. The sealing cap 16 is then put into place and 
sealed. 

An alternative design is shown in Figs. 2 and 3 in 
which similar components have been designated with the same 
reference numbers. Fig. 3 shows the two thermocouple 
housings 10 referred to in respect of Fig. 1, but not 
illustrated. 

Rather than extending axially down the heater head 1, 
the upper thermocouple element 10A in Fig. 3 extends 
obliquely away from the head, thereby passing through the 
fins 3. Thus, the fins 3 may either be provided with offset 
cut-outs to accommodate this, or may be provided with cut- 
outs which extend across their full radius effectively 
forming an open ring. The second thermocouple housing 10B 
only extends to a location beneath the lowermost fin 3 . 
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When a thermocouple failure is detected, or a service 
replacement is required, the sensor plug 19 is disconnected, 
the sealing cap 16 is removed and the thermocouple element 
18 is pulled out of the housing 10. A replacement element 
5 is then fitted, the sealing cap 19 is replaced and the 
sensor plug 19 is reconnected. 



15 



CLAIMS 



1. A Stirling engine assembly comprising a Stirling engine 
having a head, an annular burner surrounding the head and 
defining a combustion chamber between the burner and head, 
an annular seal between the burner and head to provide a 
seal for combustion gases, a thermocouple housing in thermal 
contact with the head and sealed from the combustion 
chamber, the thermocouple housing extending out of the 
combustion chamber, with the interface between the 
thermocouple and combustion chamber being sealed, the 
thermocouple housing having an opening outside the 
combustion chamber, and a thermocouple in the thermocouple 
housing extending from a location adjacent to the head out 
of the opening in the thermocouple housing. 

2. A Stirling engine assembly according to claim 1, 
wherein the Stirling engine has a plurality of fins 
surrounding the head. 

3. A Stirling engine assembly according to claim 2, 
wherein at least one fin is provided with an orifice to 

* 

allow the thermocouple housing to pass therethrough. 

4. A . Stirling engine assembly according to claim 3, 
wherein the orifice is located adjacent to the engine head, 
such that the housing passes through the at least one fin 
adjacent to the head. 

5. A Stirling engine assembly according to any one of the 
preceding claims, wherein the opening in the thermocouple 
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housing is sealed by a cap through which the thermocouple 
extends . 

5 
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